Patients with acute coronary syndrome (ACS) remain at high risk for experiencing recurrent ischemic events. Direct oral anticoagulants (DOAC) have been proposed for secondary prevention after ACS. STUDY SELECTION Randomized clinical trials on DOAC after ACS were evaluated for inclusion. Overall, 473 studies were screened, 19 clinical trials were assessed as potentially eligible, and 6 were included in the meta-analysis.
T he treatment of patients with acute coronary syndrome (ACS) has significantly evolved during the last few decades, primarily because of more effective reperfusion strategies and novel antithrombotic therapies, with subsequent remarkable improvements in patients' prognoses. 1, 2 Despite these advances, patients with ACS remain at high risk of experiencing recurrent ischemic events. 3 Thrombosis prevention with antithrombotic agents plays a pivotal role in the treatment of patients with ACS. Dual antiplatelet therapy (APT) after mechanical reperfusion with primary percutaneous coronary intervention (PCI) represents the standard of care for patients with ACS. [4] [5] [6] [7] F o ram o r ep r ofound antithrombotic effect, oral anticoagulants in addition to APT are an attractive option after ACS. Prior to the implementation of dual APT and PCI as the treatment of choice, vitamin K antagonists have been widely investigated with conflicting findings. 8, 9 Recently, direct oral anticoagulants (DOAC) in addition to APT have been shown to reduce the risk of ischemic events at the cost of a higher risk of bleeding.
10-18
To our knowledge, the differences in terms of the safety and efficacy of DOAC in addition to APT according to ACS clinical presentation at baseline (ie, ST-segment elevation myocardial infarction [STEMI] vs non-ST-segment elevation ACS [NSTE-ACS]) have not been investigated. Therefore, we aimed to assess DOAC safety and efficacy according to ACS type to further elucidate the potential role of DOAC after ACS.
Methods

Search Strategy and Study Selection
Search strategy, study selection, data extraction, and data analysis were performed in accordance with the Cochrane Collaboration and the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. 19 The risk of bias in each study has been assessed using the revised Cochrane risk of bias tool (RoB 2.0). Three investigators (M.C., D.C., and F.C.) independently assessed 5 domains of bias for each outcome: (1) the randomization process, (2) deviations from intended interventions, (3) missing outcome data, (4) the measurement of the outcome, and (5) the selection of the reported results (eTable in the Supplement).
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Randomized clinical trials on DOAC in addition to APT after ACS (from inception to March 1, 2017) were evaluated for inclusion in the meta-analysis. To include only studies that reported data on patients who were treated with current clinical practices and to obtain results that were applicable to contemporary patients, we excluded studies in which patients who were undergoing primary PCI were not included, studies published before 1991, studies with overlapping populations, and studies that investigated DOACs that were no longer commercially available. Three authors (M.C., D.C., and F.C.) independently searched PubMed, Embase, BioMedCentral, Google Scholar, and the Cochrane Central Register of Controlled Trials. In addition, we used backward snowballing (ie, a review of references from identified articles and pertinent reviews) and searched abstracts from 2014 to 2016 that were presented at relevant scientific meetings (eg, Transcatheter Cardiovascular Therapeutics, American Heart Association, American College of Cardiology, European Society of Cardiology, EuroPCR). The search strategy for PubMed and details about included and excluded studies are available in the eAppendix in the Supplement. This study is registered with the PROSPERO International Prospective Register of Systematic Reviews (http: //www.crd.york.ac.uk/PROSPERO/display_record.php?ID= CRD42017058075).
Data Extraction
Three investigators (M.C., F.C., and D.C.) independently assessed studies for possible inclusion. Nonrelevant articles were excluded based on the title and abstract. The same investigators independently extracted data on study designs, measurements, patient characteristics, and outcomes using a standardized data extraction form. The inclusion and data extraction conflicts of studies were discussed and resolved with another investigator (G.G.S.). Missing data were requested by email to the corresponding author of each study. In the case of studies with overlapping populations, only the article that reported the largest number of patients was selected.
Data about authors, year of publication, inclusion and exclusion criteria, sample size, baseline features of patients, treatment features (eg, anticoagulant dosage, antiplatelet drugs, and antiplatelet treatment duration) end point definitions, effect estimates, and follow-up time were collected. To exclude dosages considered to lead to excessive bleeding risk, only data on patients who were treated with approved anticoagulant dosages have been included. 21 Therefore, in the Apixaban for Prevention of Acute Ischemic Events (APPRAISE) randomized clinical trial (RCT), only data on patients who were treated with a daily dosage of apixaban at 5 mg and 10 mg have been included.
Outcomes
The prespecified primary efficacy end point was the composite of cardiovascular death, myocardial infarction, and stroke. The prespecified primary safety end point was major bleeding. Each end point was assessed according to the definitions
Key Points
Question Do direct oral anticoagulants (DOAC) in addition to antiplatelet therapy (APT) safely reduce ischemic events after acute coronary syndromes (ACS), and are there differences according to ACS type?
Findings In this systematic review and meta-analysis of 6 trials comprising 29 667 patients, direct oral anticoagulants with APT was associated with a reduced risk of ischemic events at the cost of an increase in major bleedings compared with APT alone. Direct oral anticoagulants was associated with a reduction in ischemic events after ST-segment elevation myocardial infarction with no effects after non-ST-segment elevation ACS, while the increased risk of major bleeding was consistent after ST-segment elevation myocardial infarction and non-ST-segment elevation ACS.
Meaning
The risk-benefit profile of direct oral anticoagulants in addition to APT appears to differ by ACS type; direct oral anticoagulants might represent an attractive strategy in patients with ST-segment elevation myocardial infarction.
reported in the original study protocols (eAppendix in the Supplement). Bleeding events were assessed by the International Society of Thrombosis and Hemostasis definition in the clinical trials with dabigatran, in the APPRAISE RCT, and in the APPRAISE in Japanese patients RCT. In the trials with rivaroxaban and in the APPRAISE 2 RCT, bleeding events were reported according to the Thrombolysis in Myocardial Infarction (TIMI) definition.
Statistical Analysis
Pooled odds ratios (ORs) for categorical variables (dichotomous outcomes) were calculated using a binary randomeffects model to minimize the effect of clinical and methodological heterogeneity among studies, with the inverse variance weighting. 22 In studies in which no events were reported within groups, the difference between groups could not be assessed. The number needed to treat (NNT) to prevent 1 primary efficacy end point event and number needed to harm (NNH) to determine 1 primary safety end point event have been derived from RCTs reporting event rates stratified by ACS type (STEMI vs NSTE-ACS). In the case of significant differences between treatment arms, 95% confidence intervals for NNT and NNH were reported. 
Results
A total of 6 RCTs were identified and included in this analysis. Figure 1 shows the flowchart of the study selection process. The main features of included RCTs are presented in Table 1 . A total of 29 667 patients who presented with ACS and were randomly allocated to receive DOAC or a placebo in addition to APT were analyzed.
Baseline Features
The baseline characteristics of included patients are summarized in Table 2 . The patients were primarily men with a pooled mean age of 62.5 years. A total of 14 580 patients presented with STEMI and 15 036 with NSTE-ACS as an index event (data were not available for 51 patients in the APPRAISE 2 RCT). 
Follow-up
Clinical Outcomes
The risk of the primary efficacy end point was significantly lower in patients who were treated with DOAC in addition to APT as compared with those who were treated with APT alone (OR, 0.85; 95% CI, 0.77-0.93; P < .001), with no evidence of heterogeneity. Conversely, patients treated with DOAC in addition to antiplatelet therapy had a higher risk of major bleeding as compared with those treated with APT alone (OR, 3.17; 95% CI, 2.27-4.42; P < .001), without evidence of heterogeneity. Overall, the NNT to prevent a cardiovascular ischemic event by adding DOAC to APT was 84 (95% CI, 55-176), while the NNH to determine a major bleeding was 105 (95% CI, 84-139). Figure 2 summarizes risks of the primary efficacy and safety end points with DOAC in addition to APT as compared with APT alone in studies that reported outcomes that were stratified by type of ACS. Among patients presenting with STEMI, DOAC in addition to APT resulted in a significantly lower risk of the primary efficacy end point as compared with patients who were treated with APT alone (OR, 0.76; 95% CI, 0.66-0.88; P < .001), with no evidence of heterogeneity. This reduction was achieved at the cost of a significantly higher risk of major bleeding (OR, 3.45; 95% CI, 1.95-6.09; P < .001), with Research Original Investigation Direct Oral Anticoagulants for Secondary Prevention After Acute Coronary Syndromes evidence of low grade of heterogeneity (I 2 = 11%). Despite the fact that the treatment effect estimate for bleeding appears to be more pronounced as compared with the treatment effect estimate for ischemic events, NNT results (63; 95% CI, 40-134) were lower than NNH (96; 95% CI, 72-141) in this subgroup of patients. Conversely, in patients with NSTE-ACS, DOAC in addition to APT was associated with a similar risk of the primary efficacy end point (OR, 0.92; 95% CI, 0.78-1.09; P = .361) and a considerably increased risk of major bleeding (OR, 2.19; 95% CI, 1.38-3.48; P < .001) as compared with APT alone. Therefore, among patients with NSTE-ACS, DOAC in addition to APT resulted in comparable NNT (130) and NNH (137; 95% CI, 92-263) ( Figure 3) . Notably, formal test results for interaction showed a trend toward a significant interaction between treatment effects and ACS type as it related to the primary efficacy end point (P for interaction = .09), while no evidence of interaction was observed for major bleeding (P for interaction = .23). Funnel plot distributions of primary efficacy and safety end points indicated the absence of publication bias and small study effect for both of the end points (eFigures 1 and 2 in the Supplement). With respect to the individual components of the primary efficacy end points, DOAC in addition to APT was associated with a trend toward a risk reduction for cardiovascular death (OR, 0.86; 95% CI, 0.73-1.01; P = .067), a significant risk reduction for myocardial infarction (OR, 0.83; 95% CI, 0.74-0.95; P = .005), and no differences for stroke (OR, 0.81. 95% CI, 0.54-1.20. P = .29) as compared with APT alone. Findings for individual components of the primary end point were consistent in patients with STEMI, whereas no differences between DOAC in addition to APT and APT alone were observed in patients with NSTE-ACS (eFigures 3-5 in the Supplement).
Finally, we performed a meta-regression to assess the effect on overall mortality risk of major bleedings and clinically relevant bleedings (eFigures 6 and 7 in the Supplement). While the effect of DOAC in addition to APT on mortality risk was not related to the effect on major bleedings (B = 0.3; P = .89), there was a nonsignificant direct relation between the positive effect on mortality risk and the negative effect on clinically relevant bleedings (B = −0.24; P = .53).
Discussion
In this meta-analysis, we assessed the efficacy and safety of DOAC in addition to background APT for secondary prevention in patients with ACS, investigating the differences in treatment effects according to ACS type. The key findings of this meta-analysis can be summarized as follows: (1) as observed in previous studies, 10,11 the unrestricted use of DOAC in addition to APT after ACS is associated with a reduction in the risk of ischemic events counterbalanced by a higher risk of major bleedings; (2) in patients with NSTE-ACS, DOAC in addition to APT are associated with a nonsignificant marginal reduction in the risk of ischemic events and with a significant increase in bleeding, with an overall neutral net clinical benefit; and (3) in patients with STEMI, the risk-benefit profile of DOAC in addition to APT appears to be more favorable, with a signifi- cantly lower risk of ischemic events only partially counterbalanced by a higher risk of major bleeding. During the last few decades, several antithrombotic drugs have been developed and implemented in treating ACS, contributing to an important reduction in the risk of mortality and recurrent ischemic events.
27-29 Increasing antithrombotic efficacy has been shown to reduce the risk of ischemic events; however, it is at the cost of a parallel increase in the risk of bleeding. This effect has been shown with several classes of antithrombotic drugs, including novel P2Y 12 inhibitors (ie, ticagrelor and prasugrel) as well as the protease activated receptor 1 antagonist (ie, vorapaxar). [30] [31] [32] [33] Similarly, DOACs, with the strongest evidence existing for rivaroxaban, seem to have a potential role in increasing the antithrombotic protection among patients with ACS without a formal indication for oral anticoagulation therapy, but they are associated with an important increase in the risk of bleeding events. Several clinical trials have evaluated the effect of DOAC in ACS, mainly using them in addition to dual APT with aspirin and clopidogrel. A favorable effect was achieved only with low-dose regimens of rivaroxaban in the ATLAS ACS 2 TIMI 51 trial. Specifically, rivaroxaban, 2.5 mg twice daily, in addition to dual APT was associated with a significant reduction in cardiovascular and all-cause mortality as compared with a standard dual APT regimen, with a 2-fold increase in the risk of major bleeding. 16 To improve safety, the Study to Compare the Safety of Rivaroxaban Versus Acetylsalicylic Acid in Addition to Either Clopidogrel or Ticagrelor Therapy in Patients With ACS (GEMINI ACS) tested the replacement of aspirin in favor of rivaroxaban in addition to clopidogrel or ticagrelor. This clinical trial showed no significant differences between the 2 strategies, but a numerically higher rate of both ischemic and bleeding events was reported in the rivaroxaban arm. 34 Notably, DOACs have also been evaluated in stable coronary artery disease in the Cardiovascular Outcomes for People Using Anticoagulation Strategies (COMPASS) clinical trial. Adding rivaroxaban to aspirin lowered the risk of major vascular events as well as cardiovascular and all-cause mortality but increased the risk of major bleeding as compared with aspirin alone. The results of the COMPASS clinical trial suggest that lowintensity simultaneous inhibition of both coagulation and platelet activity could be more effective in terms of preventing ischemic events as compared with APT alone. The positive treatment effects on major cardiovascular events were consistent whether patients were included within 2 years after having myocardial infarction (MI), 2 to 5 years after having MI, beyond 5 years after having MI, or never had an MI. 
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The rationale for using DOAC in patients with ACS without an indication for oral anticoagulation, especially for those with STEMI, is linked to the pivotal role of thrombin in this clinical setting. 37, 38 After an acute MI, high thrombin levels are traceable for at least 6 months and thrombin generation is inversely correlated with recurrent cardiovascular events.
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Therefore, the higher thrombotic burden and coagulation cascade activation during and after STEMI compared with NSTE-ACS could help to explain, at least in part, our findings.
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Moreover, differences in treatment effects could also be attributed to possible intrinsic differences between patients with STEMI and NSTE-ACS, such as baseline clinical characteristics (eg, age, cardiovascular risk factors, and extent of coronary artery disease) as well as therapeutic strategies (eg, type of P2Y 12 inhibitors, PCI timing, completeness of revascularization, and surgical revascularization). The relative effect of these features on DOAC treatment effects should be further investigated in future studies. In contrast to 2 previous meta-analyses on DOAC in addition to APT after ACS, we selected major bleedings as the primary safety end point instead of the composite of major and clinically significant bleedings.
10,11 As expected, the NNH reported in the present study are considerably higher than those reported in the aforementioned meta-analyses. The effect of bleeding on prognoses has been thoroughly investigated, and the correlation between bleeding events and mortality rates is well established. Our choice was because of the "doserelated" effects of bleeding events on mortality rates. Major bleedings have been consistently identified as a stronger predictor of mortality compared with minor bleedings and even more if compared with clinically relevant bleedings, irrespective of the bleeding definition used. [43] [44] [45] [46] [47] Based on this evidence, we included only major bleedings as primary safety end points, excluding minor and clinically significant bleedings. This choice appears to be further supported by the results shown in our meta-regression analyses. Overall, our results suggest a favorable net clinical benefit (defined as NNT minus NNH) when adding DOAC to APT after ACS, particularly in patients presenting with STEMI. Future RCTs that investigate the role of DOAC in secondary prevention after ACS should further investigate these hypothesisgenerating findings to fully elucidate the different effect of DOAC in addition to APT in patients with STEMI.
Study Limitations
This study should be interpreted in light of some limitations. First, this is a study-level meta-analysis and the findings provide mean treatment effects. The lack of patient-level data prevents us from assessing the effect of baseline clinical characteristics and treatment strategies on DOAC treatment effects. Second, this meta-analysis shares the limits of the included RCTs. These studies mainly enrolled relatively young men with preserved renal function, who typically present a low bleeding risk. Third, different bleeding definitions have been used in the included studies, impairing the reliability of effect estimates for this end point. Moreover, in the included studies, DOAC in addition to last-generation P2Y 12 inhibitors (ie, prasugrel or ticagrelor) have not been investigated. This combination could expose patients to a further increase in bleeding risk, with limited advantages in the reduction of ischemic events. Finally, a meta-regression analysis has been performed to assess the effect of different bleeding severity on the risk of mortality with interesting results. However, this analysis should be considered hypothesis-generating because it was not prespecified and included few studies.
Conclusions
The findings of this meta-analysis indicate that the clinical benefits of DOAC in addition to APT for secondary prevention after ACS might depend on the type of ACS. In patients with NSTE-ACS, the risk-benefit profile of DOAC in addition to APT appears to be unfavorable. In patients with STEMI, DOAC in addition to APT appears to improve outcomes in terms of ischemic events at the cost of a marginally increased risk of major bleeding. Future studies should focus on the role of DOAC in addition to APT in patients with STEMI who are at low bleeding risk. 
